Xyloglucan, a major storage polysaccharide in the primary cell walls of dicotyledons, typically forms 20 25% of the dry matter of plant cell walls.
The fractions containing xyloglucanase activity were pooled. TOYOPEARL SuperQ-650M chromatography. The pooled fractions were loaded onto a TOYOPEARL SuperQ-650M column (1.0 20 cm; Tosoh Corporation) equilibrated with 20 mM acetate buffer (pH 5.0). After eluting the unbound inactive protein with an equilibration buffer, a linear gradient of 0 0.4 M NaCl (300 mL) in 20 mM sodium acetate buffer (pH 5.0) was applied. The fractions containing xyloglucanase activity were pooled. TOYOPEARL Butyl-650M chromatography. The fractions pooled from TOYOPEARL DEAE-650M chromatography were saturated to a final concentration of 2 M ammonium sulfate. After removal of the insoluble compounds by centrifugation, the solution was applied to a TOYOPEARL Butyl-650M column (1.0 20 cm; Tosoh Corporation) equilibrated with 20 mM sodium acetate buffer (pH 5.0) containing 2 M ammonium sulfate. The column was washed with an equilibration buffer, and proteins were eluted with a linear gradient of 2 0 M ammonium sulfate (160 mL) in 20 mM sodium acetate buffer (pH 5.0). The fractions containing xyloglucanase activity were pooled. After the active fractions were dialyzed against 20 mM sodium acetate buffer (pH 5.0), the active solution was concentrated by freeze drying. Gel fi ltration. The partially purified proteins were gel filtered using a Sephacryl S-100 HR column (1.5 100 cm; GE Healthcare Japan) equilibrated with 20 mM sodium acetate buffer (pH 5.0) containing 0.15 M NaCl. The molecular mass was calibrated using the Gel Filtration Low-Molecular-Weight (LMW) Calibration Kit containing conalbumin (Mr, 75,000), ovalbumin (Mr, 43,000), carbonic anhydrase (Mr, 29,000), ribonuclease A (Mr, 13,700) and aprotinin (Mr, 6,500) (GE Healthcare Japan Corporation, Tokyo, Japan).
Gel electrophoretic analysis. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was performed on 12.5% polyacrylamide slab gels with 25 mM Tris-glycine buffer (pH 8.3) plus 0.1% SDS.
16) After electrophoresis, protein bands were stained with Bio-Safe Coomassie (Bio-Rad Laboratories, Inc., Hercules, USA). The molecular mass was calibrated using phosphorylase b (Mr, 97,400), serum albumin (Mr, 66, 200) , ovalbumin (Mr, 45,000), carbonic anhydrase (Mr, 31,000), trypsin inhibitor (Mr, 21,500), lysozyme (Mr, 14,400) and oxidized insulin B chain (Mr, 3, 496) as standard proteins. Zymogram analysis was performed by running the protein samples on SDS-PAGE gel containing 0.2% (w/v) xyloglucan. The gel was renatured in 50 mL of 25% (v/v) isopropanol for 10 min at 4 C and incubated in 50 mL of 20 mM sodium acetate buffer (pH 5.0) for 16 h at 4 C with gentle shaking. The clear band corresponding to the enzyme activity was visualized with 0.5% (w/v) Congo red solution. Sugar-chain staining was performed using a GP Sensor (J-Oil Mills, Inc., Tokyo, Japan). A sample of the purified AoXEG29 was analyzed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) of the in-gel tryptic protein digests. Enzyme activity toward xyloglucans. Routine assays for xyloglucanase activity toward xyloglucan were performed at 40 C for 20 min in 0.1 M sodium acetate buffer (pH 5.0). The xyloglucan from Tamarindus indica (Dainippon Sumitomo Pharma Co., Ltd., Osaka, Japan) concentration was 0.5% (w/v). Reactions were initiated by adding a suitably diluted solution of the enzyme and incubated for an appropriate time before withdrawing the samples for assaying the amount of reducing sugar produced, which was quantified from the standard curves prepared using glucose, by adopting the 3,5-dinitrosalicylic acid (DNS) procedure. 17) One unit of enzymatic activity was defined as the amount of protein that produced 1 μmol of reducing sugar as glucose per minute under the assay conditions. Protein was quantified by a modification of the method of Lowry et al., 18) using a DC protein assay kit (Bio-Rad Laboratories, Inc.), with bovine serum albumin as the standard protein.
Enzyme activity toward other polymeric substrates. We tested the hydrolytic activity of AoXEG29 toward tamarind xyloglucan, azurine-crosslinked (AZCL) xyloglucan (Megazyme International Ireland Ltd., Bray, Ireland), 19) carboxymethylcellulose (CMC), H3PO4-swollen cellulose (Merck & Co., Inc., Whitehouse Station, USA), AZCL-xylan (Megazyme) and oat-spelt xylan. Hydrolytic activity toward other polymeric substrates was tested by performing assays in 0.1 M sodium acetate buffer (pH 5.0) at 40 C with 0.79 ng/μL of AoXEG29 and 0.5% (w/v) polymeric substrate; exceptions included low-melting-point agarose, glucomannan, and colloidal chitin, which were present at 0.2% (w/v). Kinetic parameters. The kinetic parameters Km and Vmax were measured using the standard activity assay with xyloglucan using concentrations ranging from 0.05% (w/v) to 1.50% (w/v). Reactions were initiated by adding AoXEG29 (0.85 ng/μL) and incubated at 40 C for 20 min. After termination of the reactions, the products were analyzed using the DNS procedure. Apparent kinetic constants were calculated using the initial rates from Lineweaver-Burk plots or nonlinear regression to fit them directly to the Michaelis-Menten equation.
RESULTS AND DISCUSSION
Purifi cation of AoXEG29.
The purification steps are summarized in Table 1 . AoX-EG29 activity was eluted as a single sharp activity peak by gel filtration. AoXEG29 was purified by approximately 75.6-fold, with 1.24% recovery. As for the yield low, the possibility of the deactivation of this enzyme by a decrease of the contaminating protein was considered. The purified enzyme was concentrated about 50 times by freeze-drying and used in SDS-PAGE; this enzyme was thought to be minor enzyme in four xyloglucanases of A. oryzae RIB40. The specific xyloglucanase activity of AoXEG29 at 40 C and pH 5.0 was 883.2 U/mg, which was higher than that of other xyloglucanases.
Molecular mass of AoXEG29.
From the A. oryzae RIB40 genome information obtained from DOGAN, four xyloglucanase genes were confirmed in the genome. The molecular masses of the xyloglucanases encoded by the four genes were 25.6, 26.1, 29.2 and 36.5 kDa; the xyloglucanases belonged to GH12. The molecular mass of the purified AoXEG29 was determined to be approximately 29 kDa by both SDS-PAGE, as shown in Fig. 4 , and Sephacryl S-100 HR gel filtration (data not shown). However, it corresponded with the molecular weight of the partially degradated peptides obtained from 25.6 kDa xyloglucanase from A. oryzae as a result of analyzing the tryptic products of the purified AoXEG29 with MALDI-TOF MS (data not shown).
A spot was shown by the sugar chain dye of the purified enzyme, but it was a weak spot. It might be related to the linking style of the sugar chain to the enzyme. It was suggested that the sugar chain have been added in this enzyme (data not shown).
Substrate specifi city.
AoXEG29 had the highest substrate specificity toward tamarind xyloglucan, while it barely hydrolyzed H3PO4-swollen cellulose, low-melting-point agarose, glucomannan, colloidal chitin, AZCL-xylan, oat-spelt xylan and CMC. A few specific fungal xyloglucanases from fungi, however, have been reported to show low hydrolyzing activities toward CMC. 20, 21) Meanwhile, AoXEG29 remarkably hydrolyzed AZCL-xyloglucan. AZCL-substrates do not dissolve in buffered solutions but rapidly hydrate to form gel particles, which are readily and rapidly hydrolyzed by specific endohydrolases, releasing soluble dye-labeled fragments. This suggests that AoXEG29 was a xyloglucan-specific endo-β-1,4-glucanase.
GH74 xyloglucanases show very low activity ( 5% relative activity toward tamarind xyloglucan) toward other β-1,4-glucans, CMC, H3PO4-swollen cellulose and xylan.
22)
On the other hand, GH12 and A. niger xyloglucanases do not show degradative activity toward a range of polymeric substrates, including CMC and xylan. 23) However, another enzyme that doesn t decompose CMC exists in xyloglucanase belonging to GH74. Membership in the GH family of this enzyme cannot be concluded from this substrate specificity. It was thought that the identification of the amino acid sequence of the purified enzyme was necessary.
Effects of pH and temperature on AoXEG29 activity.
AoXEG29 showed high activity at pH 4.5 5.5 in the reaction mixture, as shown in Fig. 2(a) . AoXEG29 activity was apparent over a wide range of pH, with more than 90% of the maximum activity detected between pH 4.0 and 5.0. The optimum temperature for AoXEG29 activity was 60 C at pH 5.0 in 0.1 M sodium acetate buffer, as shown in Fig. 2(b) . No activity was observed at 80 C. (a) The effect of pH on AoXEG29 activity was measured by incubating the enzyme-substrate mixture at different pH values (2.5 9.0) with 0.5% (w/v) xyloglucan as the substrate. The activity was measured in 0.1 M glycine-HCl buffer (pH 2.5 3.5, ), 0.1 M sodium citrate buffer (pH 3.5 4.5, ), 0.1 M sodium acetate buffer (pH 4.5 6.0, ), 0.1 M potassium phosphate buffer (pH 6.0 8.0, ) and 0.1 M Tris-HCl buffer (pH 8.0 9.0, ) at 40 C for 20 min. The relative activity was calculated assuming the activity at a pH 4.5 ( ) as 100%. (b) The effect of temperature on AoXEG29 activity was determined by incubating the reaction mixtures at 20, 30, 40, 50, 60, 70 and 80 C in 0.1 M sodium acetate buffer (pH 5.0). Reactions were initiated by adding AoXEG29 (0.4 ng/μL) and terminated after 20 min. The relative activity was calculated assuming the activity at 60 C as 100%.
Effects of pH and temperature on AoXEG29 stability.
AoXEG29 was stable, with more than 85% of the original activity detected throughout the wide pH range from 3 to 8, and thermally stable below 50 C for 20 min; the residual activity gradually decreased above 50 C, as shown in Fig. 3 .
Kinetic parameters.
The Km of AoXEG29 was similar to that of other xyloglucan endoglucanases, but significantly different from the Vmax of AoXEG29. The Km for xyloglucan hydrolysis was 2.4 mg/mL, and the Vmax was 1,250 U/mg when the activity was measured for reducing-sugar production. The Vmax of AoXEG29 was considerably higher than that of other xyloglucan endoglucanases in Table 2 . However, a direct comparison of these values is difficult, because the kinetic parameters of AoXEG29 were obtained at optimal assay conditions, different from those applied for other xyloglucan endoglucanases.
The glycolytic enzymes from A. oryzae are important for the degradation of biomass and for glycotechnology. However, there was no report concerning xyloglucanase from A. oryzae up to the present time. It was thought that AoXEG29 was suitable for industrial use because of the specificity for xyloglucan and the high specific activity. The characteristics of this enzyme will be clarified by analyzing the degradative pattern of xyloglucan and the products with enzyme reaction for xyloglucan in the future.
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